The objectives of this study were to characterize and clarify the relationships between the various cognitive domains affected in COPD patients and the disease itself, as well as to determine the prevalence of impairment in the various cognitive domains in such patients. To that end, we performed a systematic review using the following databases: PubMed, Scopus, and ScienceDirect. We included articles that provided information on cognitive impairment in COPD patients. The review of the findings of the articles showed a significant relationship between COPD and cognitive impairment. The most widely studied cognitive domains are memory and attention. Verbal memory and learning constitute the second most commonly impaired cognitive domain in patients with COPD. The prevalence of impairment in visuospatial memory and intermediate visual memory is 26.9% and 19.2%, respectively. We found that cognitive impairment is associated with the profile of COPD severity and its comorbidities. The articles reviewed demonstrated that there is considerable impairment of the cognitive domains memory and attention in patients with COPD. Future studies should address impairments in different cognitive domains according to the disease stage in patients with COPD.
Introduction
The hallmark of COPD is chronic airflow obstruction that has a systemic impact and a progressive evolution. (1) It is an important health problem that is estimated to become the fifth leading cause of disability and the third leading cause of death worldwide by 2020. (2) The prevalence of COPD in the global population is close to one percent and increases with age. Among individuals 40 years of age or older in the city of São Paulo, Brazil, its prevalence ranges from 6 to 15.8%. (19) Observational study T o a s s e s s n e u r o p s yc h o l o g i c a l performance in COPD patients hospitalized after an acute exacerbation and recovery, compared with patients with stable COPD and with healthy control subjects Chang et al. (20) Cohort study To determine the extent to which the co-occurrence of COPD and cognitive impairment leads to adverse health outcomes in older adults was < 6.6 kPa Short-term exposure to hypoxia had no adverse effect on cognitive function Pereira et al. (23) Clinical trial T o e va l u a t e t h e e f f e c t o f a m u l t i d i s c i p l i n a r y p u l m o n a r y rehabilitation program on cognitive (14) Observational study T o a s s e s s w h e t h e r c e r t a i n neuropsychological patterns are associated with various limitations to physical independence in COPD patients 149 COPD patients 112 (75.2%) were over 65 years of age; 14 (9.4%) were female None Classic indicators of the severity of COPD showed no correlation with personal autonomy
Borson et al. (26) Observational study To model the relationship between respiratory failure and domains related to brain function, including low mood, subtly impaired cognition, systemic inflammation, and structural/ neurochemical brain abnormalities 9 healthy control subjects None COPD is associated with slight decreases in mood and cognition. Severe COPD is associated with chronic systemic inflammation and subtle cognitive deficits (on digit symbol coding tasks). Levels of oxygen desaturation appear to mediate specific changes in brain neurochemistry and structure that suggest sustained brain damage 18 COPD patients, half of whom were oxygen-dependent
Mean age, 68.5 ±
years; 11
(64%) were female
Orth et al. (27) Observational study To analyze driving performance in COPD patients and healthy control subjects 
Observational study To determine whether cancer is more disabling than are other chronic diseases that are highly prevalent in the elderly 6 groups of patients: 
Observational study T o d e t e r m i n e w h e t h e r t h e neuropsychological performance of learning" AND "COPD"; "memory learning" AND "COPD" AND "cognitive"; "perceptive function" AND "COPD"; "verbal language" AND "COPD"; and "executive functions" AND "COPD". We systematically searched the following databases: PubMed, Scopus, and ScienceDirect. Searches were limited to studies in humans published in the last ten years in order to focus on the recent interest and scientific evidence in this area. The inclusion criteria were being a clinical trial, epidemiological study, observational study, cohort study, or case-control study; and providing information on the subject at hand (i.e., cognitive impairment in COPD patients). We excluded articles that dealt with subjects unrelated to this topic, those that were not available in full text, and those that were review articles or simple case reports, as well as those published in languages other than English, Spanish, or French. The article selection process is depicted as a flowchart in Figure 1 .
Results
The search yielded 478 articles. After the abstracts had been reviewed, only 16 articles were selected for inclusion in the review. The characteristics of the selected articles are shown in Table 1 . Our review of those studies revealed a significant relationship between COPD and cognitive impairment. It is important to point out that there is as yet no consensus regarding the definition of cognitive impairment in patients with COPD. Different operational definitions of such impairment among the studies reviewed made it difficult to evaluate that aspect across those studies.
Given the multiple classifications of cognitive domains and the complexity of the assessment tools available, we chose the classification proposed by Lezak, (18) which is one of the most complete and comprehensive such classifications devised to date. Table 2 shows the various tests used and the cognitive domains assessed in the selected articles.
Of the 16 studies selected, 14 were descriptive studies and two were experimental studies. Of the 14 descriptive studies, 11 were observational studies and three were cross-sectional studies.
Discussion
Various controlled studies have investigated the prevalence of cognitive impairment in disease, (6) osteoporosis, (7) type 2 diabetes mellitus, (8) lung cancer, (9) and cognitive impairment. (10) In recent years, the clinical relevance of cognitive impairment has risen, (11) due to the increase in the prevalence of COPD and the growing interest in the aspects that determine functionality and treatment compliance (12, 13) among patients with the disease. (14) Although COPD and cognitive impairment have been studied separately (as individual diseases), there is growing evidence of a relationship between the two. (11) Hugg et al. (15) analyzed cognitive impairment in patients with COPD and found that such patients had a greater risk of developing cognitive impairment than did patients without COPD. The hypoxemia seen in some patients with COPD seems to be a crucial factor for cognitive impairment, because it affects the oxygen-dependent enzymes that are important in the synthesis of neurotransmitters such as acetylcholine. (16) Various studies have shown that cognitive impairment has a prevalence of 77% in patients with COPD and hypoxemia. (17) The main hypotheses of this review were that there is a relationship between the various cognitive domains affected in COPD patients and the disease itself, and that the prevalence of impairment varies among the different cognitive domains. The objective of this review was two-fold: to characterize and clarify the relationship between the various cognitive domains affected in COPD patients and the disease itself; and to determine the prevalence of impairment in the various cognitive domains in such patients.
Methods
In this review of the literature, we adopted the classification of cognitive domains devised by Lezak. (18) According to that author, who is the current reference in neuropsychological assessment, the cognitive domains correspond to five key areas: perception; attention; memory and learning; executive function; and language. We adopted a systematic approach using the following search strings (comprising terms related to COPD and to the Lezak classification of cognitive domains): "cognitive impairment" AND "COPD"; "cognitive decline" AND "COPD"; "cognitive dysfunction" AND "COPD"; "hypoxia" AND "cognitive impairment" AND "pulmonary disease"; "cognitive impairment" AND "hypercapnia" AND "pulmonary disease"; "cognitive attention" AND "COPD"; "memory and Torres-Sánchez I, Rodríguez-Alzueta E, Cabrera-Martos I, López-Torres I, Moreno-Ramírez MP, Valenza MC is affected by hypoxemia only when the latter is severe. In addition, Grant et al. (17) reported a 77% prevalence of cognitive impairment in patients with hypoxemic COPD. The reasons for this variation across studies include differences in the degree of COPD severity and in the age of the patients included in the studies, as well as the use of different diagnostic criteria for cognitive dysfunction and different cognitive tests.
The studies included in our review had large sample sizes and included a great variety of patients, which reduces any bias in prevalence rates. It is known that COPD is associated with an increased risk of impaired cognitive function, (26) even when the data are adjusted for age, gender, smoking history, and level of education. (19, 25) Villeneuve et al. (10) reported that level of education was the only variable for which there were significant differences among COPD patients with mild cognitive impairment, COPD patients without cognitive impairment, and healthy control subjects. (10) The authors ruled out strokes and COPD, (21, 25, 28) showing that prevalence to be higher in COPD patients than in healthy control subjects. (10, 31) According to such studies, mild cognitive impairment is present in 36% of COPD patients and in 12% of subjects without COPD. In a study conducted by Antonelli-Incalzi et al., (30) the prevalence of cognitive impairment and severe cognitive impairment in COPD patients was found to be 32.8% and 10.4%, respectively.
The prevalence of cognitive impairment in patients with COPD was found to be associated with the severity of the disease, (20, 25) being 3.9% among patients with mild COPD, 5.7% among patients with moderate COPD, and 7.7% among patients with severe COPD. In fact, a relationship has been found between the Mini-Mental State Examination score and the severity of COPD (r = −0.49, p < 0.001). (28) However, the study conducted by Salik et al. (29) showed that cognitive function in COPD patients with mild hypoxemia was similar to that observed for healthy subjects. According to those authors, cognitive function goals, planning their achievement, and effectively performing behaviors. (18) The assessment of executive functions in patients with COPD has shown that such patients tend to have slower processing speeds. (19) Twenty percent of patients with exacerbated COPD exhibit a loss in processing speed that is significant enough to be considered pathological. Slower processing speed has been related to the duration of hospital stay, quality of life measured with the Saint George's Respiratory Questionnaire, and the number of COPD exacerbations. (19) The ability to understand and communicate is determined by language. This mental process enables structured thinking, allowing an individual to make connections between ideas and mental representations. There have been studies evaluating cognitive function in a number of diseases, (30) including sleep apnea and COPD. Patients with COPD and sleep apnea have been found to perform more poorly on tests of verbal fluency and deductive thinking than do COPD patients without sleep apnea. There are data indicating that only 3% of COPD patients have a completely normal cognitive profile. (19) We made cognitive impairment the focus of the present review because it is a common comorbidity in patients with COPD. The strength of our review is that it explored the relationship between COPD and cognitive impairment in the various cognitive domains over the last ten years, during which time a number of relevant clinical studies on this subject have been conducted. In addition, the studies included had large sample sizes. There have been a number of reviews of cognitive impairment in elderly people and COPD patients. (33) (34) (35) (36) The review conducted by Schillerstrom et al. (33) addressed the impact of medical illness on executive function. In another review, Dodd et al. (11) explored the mechanisms that cause injury and dysfunction in the brain, discussing the methods used in order to evaluate cognition, gathering evidence on the nature and level of cognitive impairment in COPD. Another recent review, conducted by Schou et al., (37) investigated the occurrence and severity of cognitive dysfunction in COPD patients, exploring the relationship between the severity of COPD and the level of cognitive function. In our review, we included nine new studies about COPD and cognitive impairment, conducted between 2009 and 2013, which were excluded from the review other cardiovascular diseases (all of which are common among COPD patients) as risk factors. Low peripheral oxygen saturation (≤ 88%) has been strongly associated with a risk of cognitive impairment in patients with COPD, and the use of home oxygen therapy has been associated with a reduction in that risk. (25) Numerous studies have explored the relationship between COPD and cognitive impairment. While some studies have addressed this issue globally using screening tests, others have focused on the assessment of specific cognitive domains. (10, 24, 27) Perception is a series of processes and activities through which we extract information about our environment, the actions we perform within it, and our own state. Perceiving the environment requires a proper combination of attention and perception. Therefore, even though attention and perception are considered separate areas in the Lezak classification, they are often assessed together. Hypothesizing that automobile accidents would be more common among drivers with COPD than among those without, Orth et al. (27) compared COPD patients with healthy control subjects, in terms of complex attentional and perceptual functions. The authors found that, in simulated driving situations, COPD patients showed lower concentration values and had a significantly higher number of accidents than did the healthy control subjects. (27) According to various studies, (10, 24) attentional and executive functions are commonly impaired in the main subtype of mild cognitive impairment found in patients with COPD.
Learning implies acquiring information and therefore changes the state of memory. Verbal memory is one of the cognitive domains that are most frequently impaired in patients with COPD. (31) According to Villeneuve et al., (10) verbal memory and learning is the second most commonly impaired cognitive domain in patients with COPD. In such patients, the prevalence of impairment in visuospatial memory and intermediate visual memory is 26.9% and 19.2%, respectively. (14) In patients with COPD and sleep apnea, verbal memory and visual memory are the most commonly affected cognitive domains, (30) although processing speed, working memory, and executive function are also affected (p = 0.01, p = 0.02, and p ≤ 0.001, respectively). (21) The term "executive functions", coined by Lezak, refers to skills involved in formulating (19, 21, 22) X Wechsler Memory Scale-III UK Word Lists (19) X Delis-Kaplan Verbal Fluency test (19) X Delis-Kaplan Trail Making Test (10, 19, 22) X Wechsler Adult Intelligence Scale-III UK Letter-Number Sequencing (19, 21) X Wechsler Memory Scale-III UK Spatial Span (19, 23) X Wechsler Adult Intelligence Scale-III Digit Symbol (19, 26) X Wechsler Adult Intelligence Scale-III Symbol Search (19, 21) X Montreal Cognitive Assessment (10) X Digit Span Test (Wechsler Adult  Intelligence Scale-III) conducted by Schou et al., (37) because they were not published within the date range set for the search of the literature in the latter.
One of the limitations of the present review is the great variety of outcome measures evaluated. However, our review of the literature clearly showed the existence of a relationship between COPD and cognitive impairment. That relationship appears to be determined by the severity of COPD and by its comorbidities.
The most widely studied cognitive domains are memory and attention, both of which have been explored with specific assessment tools and found to be considerably impaired in patients with COPD. Evidence suggests that a structured assessment of cognitive function should be a routine component of the evaluation of COPD patients. Future studies should explore impairment in the various cognitive domains in COPD patients at different stages of the disease.
